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The plant is designed to furnish heat and power for the 
raxlous departments at the Kansas State Agricultural College of 
[anhattan, Kansas. It was originally intended by the writers to 
.nclude in their work, tests on the heating power of the plant, but 
he arrangement of their other college work during the year, made 
.t impossible for them to conduct the experiments at a time when 
le heating plant was in operation. Another drawback was the ab- 
ance of suitable apparatus for the determination of the calorific 
'over of the coal. 
The heating plant consists of six externally fired, hori- 
;ontal, multitubular boilers, designated as No. 1, 2, 3, 4, 5 and 6. 
'ive are of 60 nominal horsepower and one, No. 6, is of 100 nominal 
Lorsepower. The tests were conducted upon No. 1, for the reason 
'hat it was the only high pressure boiler which was piped for 
mdividual feed water, and with this boiler is our interest con- 
arned. None of the conneetions with other boilers could possibly 
lifect results of these tests except in the test on April 28th, 
rhen No. 3 was turned in on account of the heavy load on the engine. 
.n this case neither boiler made more steam than the engine could 
se, so the pressure in neither one was affected in the least and a,. 
.onditions of the test were kept uniform. The boiler itself is 
PP diameter, with 34 flues 3-3/4 inches in diameter and 16 feet 
.ong. The grates are 4-1/2' by 4-1/2'. The boiler was built by 
oseph Bromich of Topeka, Kansas. It was installed in 1898. It 
as in very good condition for all tests. 
The fuel used was the coal furnished by the state for use in 
he institution, and was of very poor quality. It comes from the 
tate mines near Leavenworth, and is mined by the prisoners from 
he state penitentiary. 
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The engine tested was the one in general use as a source 
of power at the plant and was manufactured by A. L. Ide & Sons, of 
Ipringfield, Illinois. It is generally called the "Ideal," and is 
d' 100 horsepower, and is direct connected with a 60 kilowatt dy- 
lamo. All apparatus used, such as thermometers and guages, were 
standard and were carefully tested as to correctness. By comparing 
;he tachometer with an ordinary speed counter we found an error of 
line revolutions per minute less than actual speed. The tabulated 
iiesults are the corrected results. 
The first boiler test was run on February 14, 1902. The 
steam generated was used in the heating system of the college. This 
.est was run under the direction of W. M. Sawdon, Assistant in En- 
;Ineering. The per cent of water was determined as recommended in 
"Smart's Laboratory Practice," the weight before exposure to heat 
being 14 lbs., 10-1/4 oz. and afterwards 13 lbs., 15-1/8 oz., 
.ng a loss of 11-1/8 oz., or 4-3/4 per cent water. 
Following are the data and results of the boiler tests. On the 
;eneral forms: 
Item 5 = 3 -- (4 x 3) + 6 
7 = 64 3 
show- 
9 = amount of water in steam + steam condensed 
steam condensed. 
total heat (supposing all to be vaporized) 
10 = 8 x heat of vaporization. 
8 x heat of liquid + 8 x 9 x heat of vaporization 
11 = heat of vaporization. 
14 = 8 4 2 
15 = 114 2 
" 16 = 15-4 area of surface 
1' 23-. 154- 34-1/2 lbs. 
95 = 4. 94 
Item 26 = 8 + 3 
" 27 = 11 3 
28 = 27 (100 - 4) 
29 = 11 4. 5 
We will here take the opportunity of thanking Messrs. 
D. V. Corbin and Alexis J. Reed, of the Junior class for the ser- 
vice rendered us in the taking of data on the boiler tests and also 
Messrs. C. E. Peterson and J. 0. Baylor for their efficient services 
as firemen during the progress of the tests. 
DATA AND RESULTS OF EVAPORATIVE TESTS. 
Arranged in accordance with the short form advised by the boiler test committee of the American Society of 
Mechanical Engineers. 
Grate surface 
Water heating surface 
Ratio of grate to water heating surface 
Kind of fuel 
TOTAL QUANTITIES. 
1. Date of trial 
2. Duration of trial in hours 
3. Weight of coal fired 
4. Per cent of water in coal 
5. Total weight of coal consumed, in pounds 
6. Total ash and refuse 
7. Percentage ash and refuse in coal 
8. Total weight of water fed to boiler 
9. Condition of steam 
10. Equivalent water apparently evaporated from and at 212° F 
11. Equivalent water actually evaporated from and at 
HOURLY QUANTITIES. 
12. Pounds coal consumed per hour 
13. Coal per hour per square foot of grate surface 
14. Pounds feed water per hour 
15. Equivalent water evaporated per hour from and at 212° F. (corrected for moisture in steam). 
16. Equivalent water evaporated per square foot of heating surface per hour 
AVERAGE BOILER PRESSURES, TEMPERATURES, ETC. 
17. Average boiler pressure, pounds per square inch, gage 
18. Average boiler pressure, pounds per square inch, absolute 
19. Average temperature of feed water Fahrenheit 
20. Average temperature of boiler room,*Fahrenheit 
21. Average temperature of outside air,`"Fahrenheit 
22. Barometer 
HORSE -POWER. 
23. Horse -power developed 
24. Builders' rated horse -power 
25. Percentage of builders' rated horse -power 
ECONOMIC RESULTS. 
26. Water apparently evaporated per pound of coal under actual conditions 
27. Equivalent water actually evaporated from and at 212° F., per pound of coal fired 
28. Equivalent evaporation from and at 212° F., per pound of dry coal 
29. Equivalent evaporation from and at 212° F., per pound of combustible 
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DATA AND RESULTS OF EVAPORATIVE TESTS. 
Arranged in accordance with the short form advised by the boiler test committee of the American Society of 
Mechanical Engineers. 
Grate surface 
Water heating surface 
Ratio of grate to water heating surface 
Kind of fuel 
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TOTAL QUANTITIES. 
1. Date of trial ,4,4=7. Ili /902._ 
2. Duration of trial in hours 1- 
3. Weight of coal fired ... .. , 9 ef3 .... .Ic 4- 43%-ss 
3 
4. Per cent of water in coal /9- 
5. Total weight of coal consumed, in pounds 0.2 
6. Total ash and refuse iSS-Z. Las. 
7. Percentage ash and refuse in coal 2. / 2 
8. Total weight of water fed to boiler /S-2_0 6 Lo.s. 
9. Condition of steam F7 l' 
10. Equivalent water apparently evaporated from and at 212° F 2. /.s 71 LB.S, 
11. Equivalent water actually evaporated from and at 212°F(corrected for moisture in steam) /64/2 7 ., 
HOURLY QUANTITIES. 
12. Pounds coal consumed per hour .. 3 6 7 £ 
13. Coal per hour per square foot of grate surface /E/4 L -.&s. 
3 . 
14. Pounds feed water per hour 2 2 7..1=f 
15. Equivalent water evaporated per hour from and at 212° F. (corrected for moisture in steam).. 2 o,57, 6 1-8.5 . 
16. Equivalent water evaporated per square foot of heating surface per hour 3.17 ., 
AVERAGE BOILER PRESSURES, TEMPERATURES, ETC. 3 
17. Average boiler pressure, pounds per square inch, gage 6i/1 
18. Average boiler pressure, pounds per square inch, absolute 79. 97 
19. Average temperature of feed water',"Fahrenheit 5,)-; I 
20. Average temperature of boiler room' Fahrenheit 69,2. 
21. Average temperature of outside air,°Fahrenheit 31, .)- i 
22. Barometer 
HORSE -POWER. 
23. Horse -power developed ' .5-y 2_ 
24. Builders' rated horse -power 66 
25. Percentage of builders' rated horse -power 9i-54 
ECONOMIC RESULTS. 
26. Water apparently evaporated per pound of coal under actual conditions 4 .5 LB s, - 
27. Equivalent water actually evaporated from and at 212° F., per pound of coal fired 4 / t, 
28. Equivalent evaporation from and at 212° F., per pound of dry coal 4,3 I, 
29. Equivalent evaporation from and at 212° F., per pound of combustible 41....4.7S- t- 
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DATA AND RESULTS OF EVAPORATIVE TESTS. 
Arranged in accordance with the short form advised by the boiler test committee of the American Society of Mechanical Engineers. 
Grate surface 
Water heating surf ace 
Ratio of grate to water heating surface 
Kind of fuel 
TOTAL QUANTITIES. 
1. Date of trial 
2. Duration of trial in hours 
3. Weight of coal fired 
4. Per cent of water in coal 
5. Total weight of coal consumed, in pounds 
8. Total ash and refuse 
7. Percentage ash and refuse in coal 
8. Total weight of water fed to boiler 
9. Condition of steam 
10. Equivalent water apparently evaporated from and at 212° F 
11. Equivalent water actually evaporated from and at 212° (corrected for moisture in steam) 
HOURLY QUANTITIES. 
12. Pounds coal consumed per hour 
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13. Coal per hour per square foot of grate surface 
14. Pounds feed water per hour 
15. Equivalent water evaporated per hour from and at 212° F. (corrected for moisture in steam) 
16. Equivalent water evaporated per square foot of heating surface per hour 
AVERAGE BOILER PRESSURES, TEMPERATURES, ETC. 
17. Average boiler pressure, pounds per square inch, gage 
18. Average boiler pressure, pounds per square inch, absolute 
19. Average temperature of feed water, Fahrenheit 
20. Average temperature of boiler room, Fahrenheit 
21. Average temperature of outside air, Fahrenheit 
22. Barometer 
HORSE -POWER. 
23. Horse -power developed 
24. Builders' rated horse -power 
25. Percentage of builders' rated horse -power 
ECONOMIC RESULTS. 
26. Water apparently evaporated per pound of coal under actual conditions 
27. Equivalent water actually evaporated from and at 212° F., per pound of coal fired 
28. Equivalent evaporation from and at 212° F., per pound of dry coal 
29. Equivalent evaporation from and at 212° F., per pound of combustible 
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The discrepancy between the -calorimeter logs for the 
boiler tests and those of the engine tests is explained by the 
fact that during the latter, two boilers were in use and thus vapor- 
ization was less rapid in each boiler than in the one in use during 
the boiler tests, and for this reason there was less tendency to 
priming. 
Reference to the tables following will show the high 
quality of steam in use during the engine tests. It was originally 
the intention of the writers to derive the efficiency of the piping 
from the quotient of the quality at the engine by the quality at 
the boiler, but this was impracticable for the reason that we had 
but one calorimeter. 
As is shown on the log of the engine trial opposite,the 
brake load was determined from the switch board in volts and am- 
peres, and the brake horsepower was computed from the equation 
volts x amperes 
B. H. P. = 746 
In determining the indicated horsepower we made use of 
the equation: 
H. P. 2., x r. p. n. 
where K is the constant of cylinder, viz: .004022 and 
.003954 for the head and crank ends respectively. That is, 
K (crank end)= area of crank end piston in inches x stroke in feet 
33000 
and K (head end)= area of head end piston in inches x stroke in feet 
33000 
The mean effective pressure was determined from the indi- 
cator cards in the usual way, by taking the quotient of the area by 
the length x strength of spring 50 lbs. The efficiency,E,of the en- 
gine was computed as follows: 
= 
B. H P. 
I., 1.1., 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
TEST MADE AT 
__MeiF-C_C21.1-1eVE-./1_ /1:2 4 /Yr 
'A 
DATE A44_2/., /.90 
LOG OF ENGINE TRIAL. 
CONSTANTS OF ENGINE. 
Diameter of cylinder.... Area of piston H. E _Z./20g. in. 
Diameter of piston rod.. ..a...in. Area of piston C. E tailgitsq. in. 
Length of stroke /. ft. Engine constant for H. E., s12.040484 
Engine constant for C. E., f..0.42a5454 
OBSERVERS: 
GL / C X /4"--0 c XL e 
muelef,4 KS: C' 0/ 
No. 
Card. Time. R. P. M. 
M. E. P. 1. H. P. Brake Load (Dynamo). 
B. H. P. Remarks. 
Volts. Amperes. H. E. C. E. H. E. C. E. Total. 
/ 2 I.' 00 ill_.m. / .' / ..1"" IMBE .1: 3-06 7. 90 6 , _ .. . . , 20 20 . _ . . No L. 744. Z G__12.f___ - - . _ 
_ / . - , _6,4 I 6J_49: / .0' . 0 7 _a__ 18. 7 0 .9 2. Z 0 f0,. 4. 7 / 2. - ..- - a n/ 
, IIMILMIfflril ,_ 47+7 i43.,..? a 2."--/ / 3 6I 4. #.33 a / "I 4.9 MU a .-. 0 G 7 __/__2_4.45- i 
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_6 
2 /..32,.1 2. J....1e....17 2 3 G 4.0. 
21..5 
.__fg 4 o INFIMMTIMI 8 _2...,!...gg 2 7g 296:37 2622_6" .3.3.2e .?i, /J 6.4 .49 .R.. R.- 0 / 85- Sit .443 ,e,s4.5- Z - ...- 1. 0.1 60.9/ .6- 2 2.0 / 7J- %%7. *z 
o / 
. 
_ -. 
s. 4/ ..3_,N.Fc .. G4.. 60 0 1111,411111112MMEIMI 1/ _ 
' 
-4c7 :. 0 . - ,13 .. 0 o - G O. 
' 0 0 4.4.9 .2_ ZS= - 
24 
- 
... 
JO - - 
- 
.;.- 0 . G Eltrffil 
_ 
/ # ' 4,1?... 7 64. 
-LC 4..ii_46. __ 
_7___ ,, - 0; ay. 0 49.6.5..3 
2.8.4.?,? 2 Z_ / 2 ,3.2 i _11.11Mill / 
.._ . _ .._ 
-- 
MaXi MU rn, 26L 33.8 ... - ,' Minimum, E 7 s' 4-..1v 
39009,38 
_7(32/ __c_./ . f3.740.5", ' 1..19; , ' 0 41/ 26 
0. / 0 ' A v e rage, 2 7 2e,, - - -4" 2 . 72' 
A VS" IRA a i; 5 ppicieiVCY FE .3 % 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT THE Coz...Le aa PLANT 
Ael A /V 1-1.4 7" 7-A k(. 
ON / .4 a 2_ 
DATE /1/14Y 2/, / 9 Oa 
PRIMING LOG. 
(SEPARATING CALORIMETER.) 
OBSERVERS: 
L/G 1:-(2Gitea.L 
An CI RAY' S COL E.- 
No. 
Time. Scale reading. Amount 
of water 
in steam. 
Weight on scales. 
Condensed 
steam. 
Quality 
of steam. Remarks. Start. Stop. Start. Stop. Start. Stop. 
=.1.....- / / 2 / ; / .Y. / : 247 .. / i- oz 913 oz 
_scut 
.OZ.. 
-1,6 
lbs. oz.. 
/ .7. 7...2,..1 
lbs. oz. 
i r ..7-r! .7 i £3J. . .z, a. 
.. 1 . 0 Z9 9 47- PO - /40i 0 - /64_, 9 3 fa I : X-3 2 / 9 2 : 2 2 ___,6 2.o 2. 6 (..6 / 9 - / i 2 o - 9 1- / - 44 2 ' 9 ? . 2 : So S. 1 6. a 1. 0 / 9 -/ 1 2o - /9.1 S 3 : 2 - 1 .3 .. 24' j X_ 4 . 6 / 1 /F-,i4 2 o -o / - . o.:4 
0 4 /1 -/z4 /9 - /4 / - 6 3 ic- 6 3 : SI ? .7 ?. 1 .' 
4 : 3 2.. 4 X' 6 . 6 7: / .o 2 0 - 2 2 1 - c / - ." .3 
A ven.46E 91._.yo 
. 
. 
- 
. 
. 
--- 
- --- 
_... . ___ _._ ..___ 
--------- -------- 
- ---- - 
. 
. 
. 
DEPARTMEWT OF MECHANICAL ENGINEERING, K. S. A. C. 
TEST MADE AT THE Col LFGE Powe-HFLA NT 
ON 7-1-, e /D.E. E / A/ E 
DATE MAY I, /902 . 
LOG OF ENGINE TRIAL. 
CONSTANTS OF ENGINE. 
,3. Diameter of cylinder.... ./.43 in. Area of piston H. E /4 2.74q. in. 
Diameter of piston rod .. Area of piston C. E /sgalfsq. in. 
Length of stroke..../..:..ft. Engine constant for H. E., $.0.0i.022. 
Engine constant for C. E., .20.39.5-4 
OBSERVERS: 
GLICK FOCK E LE 
/I/f L/R I3AY S. COLE 
No. 
Card. Time. R. P. M. 
M. E. P. 1. H. P. Brake Load (Dynamo). 
B. H. P. Remarks. 
H. E. C. E. H. E. C. E. Total. Volts. Amperes. 
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/0.326- 
.// /43 
Y. 646 
/2.4 6 23.603 2.20 (2..I i i. 93 /3 /1: 2 Fo 1. (I*6.S- 1/.4g 2o./36 22 a 5.? /7 4 
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17 
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_____ 
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____21___ 
29 
2 : /X 2ifsi E146 s- .9._tE4612 7146,r 9._. 97 /o. 99..f 2o 97,r 
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. ' 2 3 0 210 er.74 6 9.323 q.ilf - /o./0.32.1`2. 0 2_ 7s- 220 37 /6. it 
2 : 4.7' 219 1.746 9.767 9,1,1-- /0.1/ f 20.76F 22o .5-7 / 6 1/ 3: 27?., 
279 
81.45-tf- 9./x`4 .9.42- /0.073 /9.49a 2 20 6-6 /4 J-2 
30 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT____77-/ GE' POvvER PLANT 
/PM 1-19.4 7- 7-A /V il",41 /V Soct4' 
ON rA,_E,_Lor_...44ELv.GL6LE- 
DAT E A4 xi Y. 3 /, / 902. 
PRIMING LOG. 
(SEPARATING CALORIMETER.) 
OBSERVERS: 
b-ocA-cs Lc - 
A// [./.i',9.9 YIS C it7L 
No. 
Time. Scale reading. Amount 
of water 
in steam. 
Weight on scales. 
Condensed 
steam. 
Quality 
of steam. Remarks. Start. Stop, Start. Stop. Start. Stop. 
1:1? 1: ,r2. oz /..? oz 4.1_ oz. __L., lbs. oz. / 7 - /3 lbs. oz. r L.6.1 of 0 - //.1 'fit, / 
2 'S 
- ___4_,ia L__ / - - -= a - 6 - .1 -- 3 /O ,S3 /0 : .1-6 2.6 3.6 2 / - 39 2 2 - - 3 1 o - /3 .9 3 7e 
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1 0 2.0 - 91. 2/ -4y 0 - /1-$ 
,3-- 
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I .. 9 .30 / : / 2 : 0 
.1- 3.0 0 . 1 - 6 i_ - 6 1i - /6 9 676 6 2: 5 z: I 42 4 . I 0.6 -z. / V - / <7 -2_ , 
- /2 L y7 7. i" 
99, 7-- 2_: 4 9- -: S / - a -4 3.3 1.<7 / - / - 1 L 0 - 74 I _f i - i t - 1 - .iii 79: 70 
_,/ /70 
___J__.: 9 F 3: -I 2. , 1 -4 ..r 1 2 
.4va-At,4 a a- 
--- 
. 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
TEST MADE AT C 0 LLE- GE POWER PLANT 
MA i-V A 7- TA / , KA /V S A S . 
ON THE /DEAL E GI A/ E 
DATE c-/u/vE- 2, /f02 
LOG OF ENGINE TRIAL. 
CONSTANTS OF ENGINE. 
Diameter of cylinder 
Diameter of piston rod ../.11.in. 
Length of stroke / ft. 
Area of piston H. E tc32.21.sq. in. 
Area of piston C. E /de:Ws(' in. 
Engine constant for H. E. 04:0.2.2. 
Engine constant for C. E., ..0 03904 
OBSERVERS: 
GL/Cif 1c-0CIKE:LC- 
A Y Co LC . 
No. 
Ca Time. R. P. M. 
M. E. P. 1. H. P. Brake Load (Dynamo). 
B. H. P. Remarks. 
E. C. E. H. E. C. E. Total. Volts. Amperes. 
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7 : 4 ..1-- ffillA inniti 1.1 44 - WITIIEWThillinilli d - 
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/ 2. : / 5 i-'. An . 
/2 :30 
/z : 9.1.- 
222 
2 r/ o.z9s- / 1. 637 //.210 22..9/7 2/1 67 / Y , 5-7 5 rL&." 4.- 6' tel, fi 0 i, "icy es", 2.041 .114 . o 03 2.20 , 191 ____VV/ 
2.22 2.943 j: /47 3.210 ..1-, 64o 1.92.0 220 1.1- /3. 97 
2 1 ; - 28'/ 
. 
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24 
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/ Liir 2.17/ . 4 6 r - / 2 . ff I La, 4 0 7-.4-/ Ar cs 0 i 4 , iv 0 iv A 6.4,e_cv ._ 
.30 21/ A.O.6. 66 2/6 3.1-* /0./3 
26_ 
. _ 2_2_ 
2. 
4..r" /. /14 . 9/2 0.343 117171Miraftill 2 i 6.3- _210 
2.77 f.2,10 / 0. 270 /0.397 /1.230 24627 22o Go /7.69 
' 1 . 
. 6 SOS o 0 g _. / . 4 . 
- 
2/79 .247 . si- 917 22_0 /4.79 
3o 
_Zi_30 
2. :li- 10 1.1 a o.000 - MINI N11. 0. 63/ 2' 6 
3 3 ; -- 7.6-o '.''2 0 -.-if 
3 . i_-_1-_____ 2 10 1.116 /. 2.1- - 6 2 20 70 20.64 
' 3 0 2.22 2_..3.. 1 900 . 6 0 .1- 2 2. /2 
Maximum, 2. rt.-. .648 1 . .. i ad' 22. 2 IITAMM 
Minimum, 2_2 ? 9$ 4 62i-IIINFON11.7= 
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__i . i /O. .5-.5- '79( 2/9.7 5 7 2 ' 1 7. 212. 
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DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT.__T/r:_-C1-.0J-e-GF-eQWP-RP4AN T 
Af ' 
/OEaL eLfLGL/VE 
DATE JUNE a, /90z. 
OBSERVERS: 
PRIMING LOG. 
(SEPARATING CALORIMETER.) G L. / G CAt G C. 
Mu/41-404Y S.Co 4A- 
No. 
Time. Scale reading. Amount 
of water 
in steam. 
Weight on scales. 
Condensed 
steam. 
Quality 
of steam. Remarks. Start. 
7 : 4' if 
Stop. 
' / 
Start. Stop. Start. Stop. 
Oz. 
.3 ...7 
oz 
4.. 0 . . 
Oa 
_ . .0,3 
lbs. oz. 
../-4-. 
lbs. oz. (-43 0 ,_ 
/ / 
_ . F 9 74.s. ._._. ._ 
o.3 . _e . 3 1: I 6 r : s- r WIEIMMINIMII -_____6 4 if'. 4 / a ! r 0 . _o_ir 0,9 / r - i 9 - / i i. 1 --9 g . 1- / 3 
- / 
6 /2 : .1- /2 : F 3 o.. 9'- 9'L - - , y? d 0 / : 7 ' /O 3 . j- 0,4 2 o -2 _e . 2_ 2 I - -I- i / - 3 F 1 70 
2. : 20 2.23 2.,3 2.9 0,6_ /9- 0E. 2o- Si" /- s 9 7, J -70 
4 ve/7"s4- 9 Z di7o 
-- -- - 
